Positive Darwinian selection operating on the immunoglobulin heavy chain of Antarctic fishes.
The cooling of the Southern Ocean to the freezing point of seawater (-1.9 degrees C) over the past 25 million years played a dominant selective role in the evolution of the Antarctic fish fauna. During this period, the perciform suborder Notothenioidei, which is largely endemic to the Antarctic, diversified and developed numerous cold-adapted characters. In this report, we provide compelling evidence that the immunoglobulin heavy chain (IgH) of the notothenioid fishes has undergone adaptive selection. Two and four IgH clones were isolated, respectively, from spleen cDNA libraries prepared from the Antarctic icefish Chaenocephalus aceratus and the yellowbelly rockcod Notothenia coriiceps. The transmembrane region of the membrane form of the rockcod IgM heavy chain was located at the end of the second constant (C(H)) domain, in contrast to other teleost IgMs in which the transmembrane region is located at the end of the third constant domain. Phylogenetic analyses of C(H) regions revealed that rates of nonsynonymous nucleotide substitution were higher than rates of synonymous nucleotide substitution. Many of the nonsynonymous substitutions introduced charge changes, consistent with positive Darwinian selection acting to adapt the structure of the notothenioid immunoglobulins. The rates of nonsynonymous nucleotide substitutions were higher than the rates of synonymous nucleotide substitutions in complementarity determining regions of variable regions, suggesting that diversity at antigen binding sites is enhanced by genomic and/or somatic selection. Results of Southern blot hybridization experiments were consistent with a translocon type of IgH gene organization reminiscent of bony fishes and tetrapods.